Materials
The batteries used were Duracell Coppertop LR6 batteries with a nominal initial voltage of 1.65 V, and a nominal capacity of 2850 mAh. Prior to testing, a representative LR6 cell was dismantled and the individual parts weighed to determine component mass. Weighing was done using a MetlerToledo lab balance accurate to 0.1 mg. Components were then dried at 25C under vacuum for 48 hours in a VWR Symphony vacuum oven, after which components were again weighed to determine system mass after dehydration. Batteries were discharged at a rate of C/10 (280 mA) using a Neware BT3000-8 cycler for one hour intervals followed by a 15 minute rest period at open-circuit conditions, prior to performing electrochemical impedance spectroscopy and drop testing. Following every discharge cycle, batteries were weighed.
Electrochemical impedance spectroscopy Electrochemical impedance spectroscopy was performed on each cell using a Gamry Reference 3000 unit after every 280 mAhr of capacity discharge. Scans were performed under potentiostatic conditions at the open circuit voltage of each cell, with an AC voltage perturbation of 10 mV, sweeping from 100 mHz to 100 kHz.
Bounce tests Batteries were dropped 25 cm through an acrylic tube of 18 mm diameter onto an epoxy bench top. The usage of the acrylic tube ensured equivalence of each drop test. The audio profile of each drop was recorded using a microphone placed 30 cm away, and later analyzed using a python script to determine number of bounces, height of bounce, and coefficient of restitution.
X-ray diffraction
In situ XRD was done at Beamline X17B1 of the National Synchrotron Light Sources (NSLS) at Brookhaven National Lab. Beamline X17B1 is an energy dispersive x-ray line capable of measuring internal structural changes in a discrete volume. LR6 form factor batteries were analyzed using methodology that has been described in detail by Gallaway et al. Nyquist impedance plot for a representative cell, measured from as-received (green) to fully-discharged (red). Scans performed from 100 mHz to 100 kHz. Our results in Supp. Fig. 5b agree with previous impedance spectroscopy experiments on alkaline LR6-type cells. 1, 2 In the Nyquist plots, High reactance (Z") and resistance (Z') are visible in the as received cell, with a two order of magnitude drop in both following 10% discharge of the cell. A maximum in solution resistance occurs at 50% SOC. Reactance remains constant. Our tests of our system show that it can be modeled with a standard Randles circuit, modified by the addition of a second phase with separate charge-transfer and double-layer capacitance impedance values. This model is shown in Supp. Figure 5a . Over time, the Ohmic impedance of the system, typically dominated by the ionic impedance of the electrolyte, stays roughly constant with State-of-Charge (SOC), up until 50% SOC, when a significant spike in Ohmic impedance occurs. This increase correlates with the leveling of the coefficient-of-restitution changes caused by the transition between the formation of Type I ZnO to Type II ZnO. The double-layer capacitance of both phases present decreases with decreasing state-of-charge. This suggests that there is a continuous decrease in the total surface area of the available Zn anode with cycling, which correlates well with the phase transformation from Zn to ZnO, as ZnO is less dense than Zn . This is in strong agreement with Haibel, Manke and Gallaway. [3] [4] [5] What we see is a complex mix within the impedance data, where increasing impedance throughout the entire discharge is attributed to 1) loss of solvent (consumption of water) in the protonation of MnO 2 and the oxidation of Zn, 2) ZnO formation which passivates and blocks the Zn surface, and 3) Increasing concentration of alkaline salts in the remaining water which decreases the conductivity of the electrolyte above. 
